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1 BBEJEHUE

JlaGopaTopHBIil MPAKTUKYM IO3BOJIAET CTyJACHTaAM MYTEM MOJCIUPOBAHUS
pacnpoctpanenust paguoBoiiH (PPB) B Tponocdepe 3emian kauecTBEHHO OIEHUTH
BIIMSIHUE TporochepHoi pePpakiiuu ¥ TporocdEepHBIX BOJTHOBOJIOB HA MHOKHUTEh
ociabnenust  paguocurHana. Ilocobme  mnpenHazHaueHO JIsI  CTYJEHTOB
crienianbHOCTH 11.05.01 «PamnosaeKTpoHHbIE CUCTEMBI M KOMIUIEKCHD U APYTUX
TEXHUUYECKUX CHENUATbHOCTeH, M3ydJarolux JUCHUILIMHY «PacmpocTpaHeHue
PaIUOBOJIHY.



2 TEOPETHYECKASA YACTb

2.1 PacnipocTpanenye paanoBOJIH B CBOOOJHOM MPOCTPAHCTBE

OcHOBHOI1 3a1auelt TUCIMILIMHBI «PacnpocTpanenrue paiioOBOIHY SBISETCS
onpeoeneHue MOWHOCMU CUSHALA U HANPANCEHHOCMU INeKMPU4ecKkoeo nojsi 8
mouKe npuema TPHU 3aJaHHBIX MOIIHOCTH MEpPEeNaTyuKa, YacTOTE H3ITy4aeMoro
paguocurHaga M mapaMeTrpax Tpacchl (PacCTOSIHMM, BBICOTAX aHTEHH W T.IL.).
Pemenue »Toii 3a1aun 0OBIYHO MPEACTABIAIOT B BUJE (HOPMYJIBI JIJIsi CBOOOHOTO
IPOCTPAHCTBA M MHOXHTEJS OCIA0JICHHS, YYUTHIBAIOIIETO BIMSHUE PEATbHBIX
(bakTopoB.

PaccmoTpum  mpocTedmmi - cilydaldl  paclpOCTpaHEHHs pPAJAUOBOJIH B
CBOOOJIHOM TIPOCTpaHCTBE ©Oe3 mnorjomeHus. JlomycTuMm, dYTO HCTOYHUKOM
PAJVIOBOJIH SIBIISIETCSl U30MPONHBLIL U3TYYamens, T.€. BOOOpa)KaeMblii TOUEUHBIN
U3JTy4aTesb, pPABHOMEPHO U3ITyYalOIIMi paJuOBOJHBEI BO BCEX HAIIPABICHUSX.

Obo3Hauass  uepe3 P u3nyyaemyro
VCTOYHUKOM MOIIHOCTB, ONPEAECIUM HJIOHHOCHb
nomoka 3nepeuu (Bexktop IloiiHTHHra) Ha
paccTossHMM I OT MCTOYHMKA  PaJHOBOJH
(pucyHok 2.1), OCHOBBIBasICb Ha TOM, 4TO
u3JIy4aeMast SHEPTHUS PaBHOMEPHO
pacnpezensercs o NOBEpXHOCTU cephl paanyca
r. Belpakas MOUIHOCTH HW3JlyyaTeiss B BaTax, a
JUHENHbIE pa3Mepbl B MeTpax, MOJYyYUM JUIs

Pucynok 2.1 - K YUCJIEHHOTO 3HaueHus BekTopa lloiHTmHTa
OTIpEIETICHUIO MOIITHOCTH BBIPKCHHE
IPUHAMAEMOTO CHTHAJIA, - P {E} 2.1)
CO3/1aBAEMOTO M30TPOIIHBIM 2nr? | M2 |’ '
u3irygareneM [1] roe 27nr’° — IUIOmAb TIOBEPXHOCTH chepsl,

MPOXONSIIed dYepe3 TOYKYy HaOIIOJEHUs U ¢
A_ B IIEHTPOM B TOYKE PACIOJOKCHUS aHTCHHBI.
I - [170THOCTH MOTOKA MOIIHOCTH TTOKA3bIBACT, KaKas
| MOIIIHOCTh TPUXOIUTCS Ha EAUHUILY ILIOIIAIN

| - (dbpoHTa paIMOBOJIHBI.
8 PeanpHass aHTeHHa W3TydaeT Ty — Ke
MOIITHOCTh 1o Pa3HBIM HaIpaBJICHUSAM
—_——— HEPaBHOMEPHO (CM. pUCYHOK 2.2). 3a CHET 3TOTO B
HaIpaBJICHUN MAaKCUMAJIbHOTO W3JIYYCHHS BEKTOP

[ToitnTuHra yBennuurcs B G pas:

Pucynok 2.2 — JluarpaMmsl P
Y Huarp n=—+% 2.2)
HaIPaBJICHHOCTH 2tr
HarpaBJIeHHOU (4) u [Tapametrp G HaspiBaeTcs koaghgpuuuenmom

M30TponHOM (B) antenH [1] nanpaenennozo Oeiicmeusn ammennvt (KHJ) u
SBJISIETCS OJHUM M3 €€ OCHOBHBIX IapaMeTpOB.



Jna uzomponHou (HeHanpagnienHou) awmeHHbl Kodduyuenm HanpasieHHO20
oeticmsusi G pagen eounuye.

MoIHOCTh MPUHUMAEMOTO CHTHAJIa Ha BBIXOJC MPUEMHON aHTEHHBI OynmeT
3aBHCETh OT IJIONIAIU MTPUEMHON aHTEHHBI M OTIPEICIIICTCS BRIPAKEHUEM:

PGS
Pnp.ceo6.np—@o = HSA = ZTErZA ’ (23)
W% o .
rne S,= Z’n — 3¢ dheKTUBHAS TJIOMATs TPUEMHOM aHTCHHBI, M*;

Gpp — K09 GHUIUEHT HAIIPABICHHOIO 1EHCTBHS IPUEMHOM aHTEHHBL;

A — IIMHA BOJHBI PaIMOCUTHANA, M.

U3  dopmyasr (2.3) BHAHO, YTO MNPUHHUMAeMas MOIIHOCTbL OOpaTHO
MIPOTOPITMOHATIFHA KBAJPATy PACCTOSHUS MEX Ty UICTOYHHKOM U TPHEMHHUKOM.

Kak Ob10 ckazaHO paHee, NMpU pacy€Te YpOBHS MPUHUMAEMOIO CUTHAJIA
YUUTBIBACTCS MHOMCUMENb ocaadaenun \/, KOTOPBIM IMOKAa3bIBAaET, Ha CKOJIBKO
YpOBEHb CHUTHaJia Ha peajbHOM Tpacce OTIWYAETCS OT YPOBHS CUTHalIa B
cBOOOIHOM TMpPOCTpaHCTBE. B 3ToM ciydae, BBIpaXKEHHE /I MOIIHOCTH
MIPUHUMAEMOTO CUTHAJIa MOKHO 3amucaTh B BUIE:

P =P V2 (2.4)

np np.ceob .np—60
MHOXUTENb OCNa0JeHNs] YYUTHIBAET BIMSHUE CPEAbl PACIPOCTPAHECHHUS
PaJMOBOJIH: OICTUJIAIOLIEN TOBEPXHOCTH U aTMOC(EPHI.

2.2 BiunsiHMe 3eMJIM HA PacpoOCTPaAHEeHHe PaAMOBOJIH

IIpn pacmpocTpaHeHMM pPaAMOBOJIH MEKAY KOPPECHOHAUPYIOIIUMU
nyHKkTamu Wi Mexay PJIC u nenpro MOKET UMETh MECTO OTPAKEHUE PATUOBOIIH
OT TOBEPXHOCTH 3eMJU. B 53ToM ciyyae mnojie B KakoW-IMOO TOYKE HaJ
MOBEPXHOCTHIO 3eMJIM OyleT NpeACTaBisITh COOON cymMMmy MoJyield JABYX BOJH —
npsSMON M OTpaKEHHOU (PUCYHOK 2.3), UMEIONIMX pa3Hblid cABUT (a3 B Pa3HBIX
TOYKaX IIPOCTPAHCTBA. Bcenencteue 3TOTO TAIBHOCTD JEUCTBUSA
PAIUOTEXHUYECKUX CUCTEM B OJIHMX HAIPABJICHUSIX 3HAUUTEIBHO YMEHBILIAETCS, a
B JIPYTUX YBEJIWYUBAETCS 10 CPABHEHUIO C JAIbHOCTBHIO JEWCTBUA B CBOOOJHOM
IPOCTPAHCTBE, T.€. DJCKTPOMAarHUTHOE TIOJI€ MPHOOPETaeT <«JICHECTKOBBIN»
xapaktep (pucyHok 2.4).
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Pucynox 2.3 — BnustHue 3eMiu Ha pacipoCTpaHEHHUE PaAHOBOTH
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Pucynok 2.4 — JlenectkoBasi cTpykTypa moss [1]

OTpaxkeHHe OT 3eMJIM  CYHIECTBEHHO  CKa3blBaeTca Ha  padore
pPalMONIOKAIMOHHBIX ~ CTAHIIMA METPOBOTO JMAana3oHa, aHTEHHBI KOTOPBIX
00Ja1a10T, KaK MPaBUJIo, IIMPOKON JUarpaMMOl HalpaBJIEHHOCTH. B aToM citydae
3HAYUTENbHAs YacTh OJJIGKTPOMATHUTHOW OJHEPrHH IMOMaJaeT Ha 3eMII0 |
oTpaxkaercsi oT Hee. OTpakeHHE OT 3€MJIM TaK)KE CKa3blBaeTCs M Ha paboTe
PaAMONOKAIIMOHHBIX CTaHIMM CAaHTHUMETPOBOIO [Mara3oHa MpH OOHAPYKEHHUU
nenen noa HeOOoNbIMMU yriiaMu MecTa. CTeNeHb BIUSHUSA OTPaXXEHUs PaIMOBOJIH
OT MOBEPXHOCTU 3€MJIM Ha PE3yJIbTUPYIOLIEE MOJIe BMECTE MpUEMa ONpeeIsaeTcs
TaK)Ke SJIEKTPUUECKUMHU ITapaMeTpaMu 3€MIIH.

Ha xapakrtep pacmnpocTpaHeHMsI paJMOBOJIH HaJl IOBEPXHOCTHIO 3E€MIIH
OO0JIBIIIOE BIUSTHUE OKa3bIBaeT ee chepuyHoCTh (pUcyHOK 2.5). Borpoc o Tom, kak
BEJIMKO MOJ€ B OOJACTU TEHHU, CO3/1aBa€MOM BBIMYKJIOCTBIO 3€MJIM, B KaKOH
CTETICHH PaJUOBOJIHBI CIIOCOOHBI MPEOJIONIETh ATY BBIMYKIOCTh, WJIH, MHAYe, B
KaKOW CTETEeHW OHHU CIIOCOOHBI AM(parupoBaTh, 3aBUCUT OT JJIMHBI BOJHBL. Uem
JUIMHHEE BOJIHA, TeM OOJIbIlle HAMPSHKCHHOCTh MU(GPaKIMOHHOTO mois. Tak,
KOPOTKOBOJIHOBBIC ~ PAJUOTNPUEMHUKNA TPUHUMAIOT CHUTHAJbl  BEIIATENbHBIX
PaAMOCTAHIINM, PACTIONOXKEHHBIX OTHOCHUTENIBHO JTHUX TNPUEMHHUKOB TIyOOKO B
obmactu TeHu. C Apyroi CTOPOHBI, paaHOIOKAIIMOHHBIE CTAHIIUH, padOTaloIUe Ha
JEIMMETPOBBIX U 00Jiee KOPOTKHUX BOJHAX, HE MOTYT OOHAPYKUTH 11€JIb, €CJIM OHA
HaXOAMUTCA BHE 00J1aCTH MPSIMON BUJUMOCTU B 00JIaCTH TEHHU.

. Icdewennag 304

-
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Pucynok 2.5 — Biustaue cepuynocTr 3eMiTd Ha pacpoCTpaHEHHE PaTHOBOJIH
HaJ €€ MOBEPXHOCTHIO [2]

7



2.2 Buausinue arMocgepbl Ha pacpocTpaHeHHe PAJIMOBOJIH

Ha nmpomecc pacnpoctpanenuss paadoBOJIH B aTtMocdepe 3emiu
CYILIECTBEHHOE BJIMSHUE OKa3bIBAIOT JBa cliosi aTMocepbl — Tpomocdepa u
noHocepa. B nmanHoM nabopaTopHOM paboTe HE paccMaTpUBACTCS BIHMSHUE
MOHOC(EphI Ha pacIpOCTPaHEHUE PAAUOBOIIH.

Tpomocdepoii Ha3pIBaeTCS HIKHHN CJI0M aTMOC(epbl, MPOCTUPAIOIIUICS
HaJl yMEpEeHHbIMH MmHpoTamMu 10 BbicoT 10-12 kM. Hag momtocamu rpanwuia
Tpornoc@epbl MPOXOIUT HAa HECKOJIBKO KHJIOMETPOB HUXKE, a HAJl SKBATOPOM — Ha
HECKOJIbKO KHJIOMETPOB BBILIE.

Tponochepa B oTiauune OT Apyrux cioeB aTrMochepsl — cTpaTtocdepbl u
HOHOC(hEpbl — COACPXKUT OoJblliee KOJIMYECTBO TMAapoB BOJBL. Tpormocdepa
HarpeBaeTcsl TJIaBHbIM 00pa3oM OT MOBEPXHOCTH 3€MJIM M MO3TOMY TeMIlepaTypa
BO3/yXa B €€ MpeJeax yMEHbIaeTcs ¢ BbIcOTOM. Brime 10—12 kM nmocne ToHKoro
NEPEXOTHOTO CJIOSl, HAa3bIBAEMOr0 TPOIOIAy30il, B cTpaTtocdepe TemiepaTrypa C
BBICOTOM BO3pAaCTaeT, OCTUTasi MAKCUMyMa MPUMEPHO Ma BbicoTe 50 KM, a 3aTemM
no Bbicor 70-80 kM cHOBa magaeTr. HarpeB crpatocdepbl MpoXOoauT 3a cuer
CWJIBHOTO TIOTJIONICHUS YIbTpadrOoNIeTOBOrO M3JIydeHHus coiiHia o30HoM (O3). B
cTpaTocepe MmouTu HET BOASIHOTO mapa. Tpomocdepa u ctparocdepa oOpa3yroT
HEMOHU3UPOBAHHBIN ciioli  aTMocdepsl. brnaromapss 3ToMy 00CTOATENHCTBY
3aKOHOMEPHOCTH PACIIPOCTPAHECHUS PAJIMOBOJIH B 00OOUX CJIOAX B psjie CIydyaeB
onuHakoBbl. OgHAKO B Tponocdepe Onaroaps 3HAUUTEIHHO OOJIBIIEH MIOTHOCTH
BO3/lyXxa MW ONM30CTM CJI0S K TIOBEPXHOCTH 3€MJIM a’pOJIOTUYECKUE U
METEOpPOJOTUYECKHUE TMPOLECChl MPOXOASAT HAMHOIO WHTEHCHUBHEE, YeM B
cTparocepe. ITo 00CTOATENBCTBO JENAET MPOLECC PACTIPOCTPAHEHUS PAJHOBOIH
B Tponocdepe 3HAaYUTEILHO OOoJiee CIOXKHBIM, 4eM B crpatocdepe. BBugy storo
M3Y4YeHHUE MPOLECcca PaCIpPOCTPAHEHUS PAJAMOBOJIH B HEMOHM3UPOBAHHOW YacTH
aTMoC(epbl MOXKHO OTrPAaHHYUTH PACCMOTPEHHUEM BOMNPOCA PACIPOCTPAHCHUS
PaguoBOIH B Tporocdepe.

Xapaktep pacnpoCTpaHEHHUs pPaJUOBOJIH B Tpomocdepe OmnpeaessieTcs
COCTOSIHEM aTMOC(EpHI U MpolieccaMu, KOTopble B HeM npoucxonsat. CocTosiHue
aTMoc(epbl ompeneNsieTcss TakuMU (DU3NYECKUMU XapaKTEePUCTHKAMHU, Kak
TeMIiepaTypa, BIQXHOCTh ®W  naBieHue. [lociaennue — SBASIIOTCS U
METEOPOJIOTHYECKUMHU TapaMeTpaMu TPOmocQepbl, COKPAIIEHHO Ha3bIBAEMbIMU
METE03JIEMEHTAMH.

ATMochepHbIe Mpolecchl, C OAHOW CTOPOHBI, 00YCIOBIEHBI MEHSIOIIUMCS
peXUMOM HarpeBaHusi Tpomnocdepbl 3emiield, B pe3ysibTare 4ero B armocdepe
UMEIOT MECTO MEepPEeMEIECHUs BO3/lyXa B BEpTUKAIbHOM HampanieHuu. C apyroit
CTOPOHBI, B CHIIy pa3jiMyusi TEMIEPATyp B pa3HbIX OOJACTAX 3E€MHOTO Iapa,
MIPOUCXOMAT MUPKYJISAIUNA BO3AYIITHBIX MAacC U B TOPU30HTAJILHBIX HAIPABIICHUSX.
Bce 3t mpoiiecchl COMPOBOXKAAIOTCA KOHJICHCAIIMENW MapoB BOJIbI, MOSBJICHUEM
00J1aKoB, BBITIAJCHUEM OCaIKOB W T. . IIpu 3TOM Hapsamy C ymopsa0YEeHHBIM
CIIOUCTBIM JIBKEHHEM BO3[yXa MMEET MECTO U OecrnopsaouyHoe TypOyJIeHTHOe
JBIDKEHUE BO3/TyXa OOJIbIIIEH TN MEHBIIIEH HHTCHCUBHOCTH.



CoBOKynmHOE BIMSHHE Ha PacHpOCTPAHEHHE PAJUOBOJIH COCTOSIHHS
aTMoc(epsl 1 aTMOC(EPHBIX MTPOLIECCOB SIBISIETCS BECbMa CIIOKHBIM. DTO BIIUSHUE
CKa3bIBAa€TCSl B OJIHOBPEMEHHOM IMpOSBICHUU 3()(PEKTOB, AECUCTBUE KAXIOTO U3
KOTOPBIX 3aBUCUT OT JJIMHBI BOJIHBI. K 3TUM 3¢ (ekTaM OTHOCATCS ClleayIolue:

1) uckpuBieHHE HANPABJIECHUS PACIIPOCTPAHEHUS PAIUOBOJIHBL;

2) paccesiHuE pailiOBOJIH HEOJHOPOIHOCTSIMH TPOIIOC(EPHI;

3) paccesHuE PaIMOBOJIH TUAPOMETEOPAMY;

4) NoroIIeHUE PAUOBOJIH.

HccnenoBanne COBMECTHOTO ACUCTBUA ATHX J(PGPEKTOB M MPUUUH, UX
00yCIOBIMBAIOIINX, BECbMa 3aTPyAHUTENbHO. [lo3TOMY TpyU M3ydYeHHH SIBICHUI
pacmpocTpaHeHHUs] PaJUOBOIH B Tpomochepe NPUXOTUTCS KakAbll dPQeKT
paccMaTpuBaTh B OTJEIBHOCTH W YCTaHABIMBATh TJIABHYIO MPUYHMHY, €T0
BBI3BIBAIOIIYIO.

B nmannoii naGopatopHoit paboTe paccmaTpuBaeTcsi TOJBKO 3(dekT
VCKPUBJICHUS HAIIPaBJICHUS PACIIPOCTPAHEHMsI BOJIHBI — pedhpaxkyus.

2.3 Pedpakuust paguoBoJiH B Tponocgepe

Pedpaxiuss paaroBoiaH 3aBUCUT OT Kod(pduimeHta mperoMiaeHus N
Tpornocdepsl, KOTOPBI Majo oTiauvaeTcs oT eAuHUIbL. [loaTomMy yn100HO BBecTH
BEJIMYNHY, HA3bIBAEMYIO UHOeKcOM npenomiaenus N, KoTopas cBs3aHa C N
COOTHOILIEHUEM:

n=1+N-10" (2.5)
NHunexc npenomiieHus BeipaxkaeTcsi B N-eIuHuUIIaX.

B tponocdepe 3emnu unaexkc npenomsieHus N 3aBuUCHUT oT naBiienus P,

TeMIiepaTypbl T ¥ BIKHOCTH € CIIeIyIoUUM 00pazoM

N :77,6(P+48106j’ (2.6)
T T

rJie IaBJIEHNE U BJIAYXHOCTH BRIPAYKEHBI B MUJIMOApax, a TeMIeparypa B — rpagycax
KenbBuna. Heo6xoammo o6patuth BHUMaHKE, 9TO 10 9acToThl npuMepHo 30 [T
WHJICKC TPENOMJICHUS HE 3aBUCHT OT YacTOThl paauoBONH. B Tpomocdepe
JABJICHUE W BJIAXHOCTH B CPEIHEM YOBIBAIOT C BHICOTOH IO DKCMOHEHITUATHHOMY
3aKOHY, a TEMIIEpATypa — MPUMEPHO 10 JIMHEWHOMY 3aKOHY, [IOOTOMY BBICOTHBIN
npowyib  HMHIEKCAa  TPEJOMJICHHS  MOXXKHO B TIEPBOM  TIPHOJIMKCHHUH
anmpPOKCUMHUPOBATh SKCTIOHCHTOM:

N(h) =N, -exp[—blh] . (2.7)
Mogens (2.7) umeer msa mapamerpa: Ny u b =0,1-In(N;/Ny), roe Ng,
N,, — 3Ha4E€HHs UHACKCA NIPEIOMIICHUS Y IOBEPXHOCTH 3eMJIM U HA BbIcOoTe 10 KM

COOTBETCTBEHHO. B cpennux mmporax 3umoit Ny B cpennem paBHo 306 N-en.,
aetoMm dTa BennumHa Onmska K 330 N-en. 3HaveHwe WHIEKCA MPEIOMIICHHS Ha
BbicoTe 10 KM cuMTaercs MOCTOSHHBIM H paBHbIM 92 N-ex. Ilapamerp b
n3Mensiercs B npenenax ot 0,12 no 0,14 KM L,

JIns TpOTHO3MPOBAHUS TPACKTOPUU PACHPOCTPAHEHUS PAJAMOBOJIH YacTO
WCIIOJIB3YIOT 3HAYCHUE TpaJueHTa MHAEKca npernomiieHus dN/dh. PannoBosHBI



npu pedpakiuil UCKPUBISIOTCS B CTOPOHY YBEITUYEHUS HMHJIEKCA MPEIOMIICHUS,
T.€. 110 HAIIPaBJICHUIO ITOJIOKUTEIIBHOIO TpaueHTa. Paauyc KpuBU3HbI TPAEKTOPUHU
PaarOBOIHBI 3aBUCUT OT BEJIMYUHBI IPAJUECHTA:

R 1 _10°
"~ _dn TN 28)
dh dh

OTO BBIpaXXEHHE IOKA3bIBAET, YTO PAJUYyC KPUBU3HBI Jiyda B Tpomocdepe
OIpeneNnsieTcsl He aOCONIOTHBIM 3HaueHueM Kod(p(duUueHTa NpeoMIICHUs, a
OBICTPOTOM €ro U3MEHEHHUS C BBICOTON. 3HaK MUHYC y IPOU3BOIHOM O3HAYaET, 4TO
paanyc KpUBM3HBI OyAET IOJOKUTENbHBIM, T.€. TPACKTOpHUs OynaeT oOpalieHa
BBIMYKJIOCTHIO BBEPX, TOJIBKO B TOM Ciy4ae, eclid KO3()(UIMEHT MperoMIICHHUs
YMEHBIIAETCS C BBICOTOM.

B 1933 rony Ckwmummnr, beppoy3 n deppemn npemioRuIn ynpomEHHbIN
croco0 y4éra BIUsHUS aTMOC(hepHON pedpakiuu, 3aKIIOYAIOIIUICI B TOM, YTO
paZMOBOJIHA PACIPOCTPAHSIETCS MO MPSMOJIMHENHOW TPAaeKTOPUH, OJHAKO HE HaJl
MOBEPXHOCThIO 3€MIIM paadyca d, a HajJ BOOOpPaXKaeMoOil MOBEPXHOCTHIO C
HKBUBAJICHTHBIM PAINYCOM @oy.

3HAYEHHE PKBUBAJICHTHOTO PaJNyca ONPENEISIETCS U3 YCIOBUS COXPaHEHUS
IIOCTOSIHCTBA OTHOCHUTEJIBHOM KPUBU3HBI MEXAY JIy4YOM U NOBEPXHOCTBIO 3EMIIM B
JEHCTBUTENBHBIX YCIOBUSAX U 3KBUBAJIEHTHOI cxeMe pacrpocTpaHeHus (puc. 2.6).
OTHOCHUTENIBHOM KPHUBHU3HON B aHAJUTUYECKON T'€OMETPUU HA3BIBAIOT PA3HOCTH
(1/ a)—(l/ R). [IprpaBHUBas 3HAYEHUs OTHOCUTEIBHOM KPHUBHU3HBI JUISI CIIy4acB

Ha pUCyHKax 2.6a u 2.60, HaxXoauM

111 1
a R_asxe 0’ (2.9)
OTKyz1a
a = a _ a M
KE - e 210
1-2 11aMNgge (210)
dh
Q 6

E [=_=]
@sxp

Pucynox 2.6 — Tpaektopusi paOBOJHBI:
a) peaJibHas,
0) mpsSIMOJIMHEHAS TIPU PACIIPOCTPAaHEHUH BOJIHBI Ha/l 3eMIiei
C DKBUBAJICHTHBIM PaJITUyCOM.

Tponochepuyro pedpakuuto TPUHATO pa3AensTh HAa TPU TPYIIIHL:
OTpHUIATENFHYI0, HYyJEeBYIO (OTCyTcTBHE pedpakiuuyd) W  TMOJOKHUTEIHHYIO
pedpakiuio (cM. pUcyHOK 2.7).
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Ompuyamenvnoli TPUHATO HA3bIBaTh T€ BHUJBI aTMOC(eEpHOI pedpakium,
IpU KOTOPBIX HHACKC N HE yMEHBINAeTCs, KaKk 0OBIYHO C BBICOTOM, a BO3PACTaeT,
T.c. korga dN /dh>0. U3 dpopmyisr (2.8) cieayet, uro B 3THX yciaoBusx R <0,
T.e. TPAcKTOpWs oOOpallleHa BBIMYKJIOCTHIO BHH3. PajMoOBONHA YAAISETCA OT
MOBEPXHOCTH 3eMJIM, a JaJbHOCTh BHIUMOCTH M JAJIBHOCTh PACIpPOCTPAHCHHUS
COOTBETCTBEHHO yMeHbIIatoTcs. OTpuriarenbHas pedpakius mpeacTaBiseT co0oi
JIOBOJIBHO PEJIKOEC SIBJICHUE.

Omcymcmeue pegpakyuu dN /dh=0. B »stom ciydae UHACKC
IPEIOMJICHUSI B HEKOTOPOM HHTEPBaJe BBICOT COXPAHSET MOCTOSIHHOE 3HAUCHHE, a
SKBUBAJICHTHBIN pajinyc 3eMIIU paBeH JCHCTBUTEILHOMY.

0?0

m?““w“
Imeymemaue pe@pasyuu

NoAONUMEALNGA

pPEQPONRYUS
¥
Pucynok 2.7 — Xon myueit npu pa3nuuHbIX THHAx pedpaxuun [2].
Ha pucynke npunsaTo o603HaueHue g, = % =10°° (jj_l:

Honoxcumenvnan pegpaxuun Bo3uukaer npu dN/dh<0. B stmx
YCIIOBUSIX TPACKTOpUM JIydel OOpallleHbl BBITYKIOCTHIO BBEpX. B  ycroBusx
MOJIOKHUTENBHON pedpakiiuy pa3auvaroT TPU YACTHBIX CITydasl.

1. [Toumxkennas pedpakuus. 0> dN / dh > —-40 N-ex./xm.

2. Hopmanbnass ~ pedpakmms.  dN /dh=-40 N-ex./km. = HopmanbHas
pedpakius HaOMIOAAeTCA MPU «CTaHAAPTHOM atMocdepe». DTO TUIOTETHYECKas
Tporocepa, CBONCTBA KOTOPOW OTOOpakarOT CpPEAHEE COCTOSHUE peabHOU
Tporocdeprl. Hanbomnee n3BecTHOM MOAETBIO CTAaHAAPTHOW aTMOC(Ephl SBISIETCS
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Mexnynaponnas cranaaptHas atmocdepa (International Standard Atmosphere,
ISA), nns xoropoit arMochepHoe JaBiICHHUE Y TOBEPXHOCTH 3EMJIM PaBHO
1013 mb6ap, Temneparypa 15°C, oTHocuTenbHas BiaxHOCTH 50%, cKOpOCTb
yMeHblIeHus1 Temnepatypsl 6,5°C Ha 1 k.

3. IloBbimennas pedpakuus. MHaekc npenomiieHUusl yObIBa€T C BBICOTOM
obIcTpee, yem TUTSE HOPMaJIbHOM pedpakuuu:
—40 N-ex./km > dN / dh > —157 N-ex./xm.

4. Kputnueckas pedpakmusa. dN /dh=-157 N-en./km. Tlpm 3HaueHHH
rpagueHTa WHAEKca mnpenomieHus MuHyc 157 N-en./kM paanyc KpUBH3HBI
TPAaCKTOPUM Jiyda CTAHOBUTCS PABHBIM pPaAUyCy 3€MIIH, CJIEJOBATEIbHO,
DKBUBAJICHTHBIA pajgnyCc 3€MJIM CTAaHOBUTCA pPABHBIM OECKOHEYHOCTU. ITO
O3HAYaEeT, YTO JIy4 PacHpOCTpaHsIETCs NapaJyIeIbHO MOBEPXHOCTH 3EMIIH.

5. Cepxpedpakuusi WU «BOJHOBOJHOE» PACHpPOCTPAHEHUE PaTUOBOJIH.
dN /dh =-157 N-ex./km. B YCIIOBUAX cBepxpedpakuuu SHEPTHs
JIIEKTPOMArHUTHBIX ~ BOJIH  COCPEJOTauMBaeTcss B C(pEepUUEecKoM  CIOe,
KOHIIEHTPUYHOM  3€MHOWM TMOBEPXHOCTH. BoOJIHOBOIBI MOryT OBITH  Kak
MPU3EMHBIMHU, TOT/IAa HUXXHEW TPAHULIEN CIYKUT TOBEPXHOCTh 3€MJIM, TaK M
MPUIIOAHATHIMU, MPH 3TOM H3IYyUYECHHUE PACIPOCTPAHSACTCS BHYTPU HPUIOITHSATOrO
ClIOSl, OTpaXkasicb OT €ro rpaHull. Vcroiap30BaHHE BOJIHOBOJOB CIIOCOOCTBYET
CYILLIECTBEHHOMY YBEJIMYEHUIO TaJIbHOCTH JIEUCTBUS PAIUOTEXHUUECKUX CUCTEM.

B ta6mure 2.1 o606mena kmaccudukaiys BUI0B aTMOChEpHON pedpaKIIny.

JIns KONMMYECTBEHHOM W KayeCTBEHHOM OIIEHKU BIUSHHUS TporochepHon
pedbpakiuu Ha pacnpoctpaHeHue YKB ymnoOHO BBecTM TMOHATHE O Tak
HA3bIBAEMOM «HPUBCOEHHOM KOIPDuyuenme npenomieHusn

BBeaenue npuBen€HHOro Ko3(ppuuueHTa NpesoMIIeHHs MO3BOJISIET CBECTH
UCCIIEIOBAaHUE PACHPOCTPAHEHHUSI PAJAMOBOJIH B HEOJHOPOJHOM arMmocdepe Han
chepuueckoit 3emyi€ii K HMCCIENOBAHUIO PACHPOCTPAHEHHS PAIUOBOJIH B
HEKOTOpOoW MoauduiupoBaHHO atMocdepe Han rmiockod 3emnéit. [lpu sTom
IIPEAINOIAraeTcs, YT0 KpUBU3HA TPAECKTOPUH OTHOCHUTEJIBHO MOBEPXHOCTH 3EMJIA
COXpaHseT CBOE 3HAYCHHUE:

1 1 1 1

a R _OO Rl’ (211)

rae R' — paanyc KpuBU3HBI Tyda B MOAUGUIIMPOBAHHON Tporochepe HaJl MIIOCKOM
3eMIIEN.

Bripaxkast paguyc KpUBU3HBI Uyepe3 rpaaueHT KodphUuireHTa mpeaioMIeHUs
U UHTETPUPYSI BRIPAKECHUE TTOTYyYaeM:

h
n/uo() =N+-—. (212)
a
[ToapoOHee BBIBO/ BBIPAXKEHUS IS N9 CM. B KHHUTaX [1-4].
Bripaxenue (2.12) CBSI3bIBACT ko3 puLreHT MIPETOMIICHHS

MouUIIIPOBAaHHON aTMOC(ephbl ¢ TMoKa3aTejaeM MpeoMIICHUs IeHCTBUTEILHON
aTMoc(ephl.
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Tabauma 2.1 — Knaccudukanus BugoB armochepHoit pedpakimn [1]

HaszBanmue

. dN 1 a,, JlelicTBUTEIbHAS DKBUBAJEHTHAS
aTMochepoi dh’ xn R, kM Faxny KM k=—" TpaeKkTopHs TPaeKTopHs
Debpam dh ' xn a paeKTop paeKkTop

OtpunarenbHas /
>0 <0 <6370 <1 T /
a
OtcytcTBHE / -
eppakuu
pedp 0 ® 6370 1 m ./m
=z
a %
IToJ10KUTEIbHASL:
[TonmxkenHas -40...0 25000...0 6370...8500 1...4/3
Hopmanbshas '/,.——- : /
-40 25000 8500 4/3 mm% |
adl
RERY 237
[ToBbIienHas -157...-40 | 6370...25000 8500...00 4/3...00
Kpurtuaeckas o« = -
157 6370 S 0 m T
2 2y =oo
Caepxpedpaxius
7
<-157 <6370 <0 <0 ’
y &
a ﬂg"—'f
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ITpu npaktuyeckux pacuérax yAaoOHee UMETh AEJ0 He ¢ KO3(p(HUIUEHTOM
IPEJOMJICHUS, a C IPUBENEHHBIM UHIEKCOM MPETOMIICHHUSL:
M= (n —1)106 =(n —1)106 +E106 =N +157h, (2.13)
a

MOO

rae h — BeIcOTa TOYKH HaJ YPOBHEM MOPS, B KOTOPOM OIpenessieTcs 3HauYeHHE
MOAM(PUITMPOBAHHOTO HHJEKCAa NpeOMJICHHS (BbIpakeHa B kMm). WHmekc M
BbIpaxkaercs B M-eqununax (M-ez.)

Hcrnonp3oBanne  MOAUGUIMPOBAHHOTO  NPOMHIIS  IMO3BOJSET  JIETKO
OTIPEICNTh TPOTIOC(EPHBIE BOJHOBOIBI: €CIHM BBICOTHBIA TpagueHT M-mpodus
OTPHUIIATEIBHBIA, TO B TAHHOM CJIO€ MOBBIIMICHHONW pe(paKIuy cO3/1aHbl yCIOBUS
JUTsI BOBHUKHOBEHHS TPOTIOC(EPHOTO PaAHOBOTHOBO/IA.

2.4 Bausinue TponocgepHbIX BOJTHOBOI0B HA pacnpocTpaHeHue
PaJIMOBOJIH

OtnenpHble Cciiyyan CBepxJaipHero pacnpoctpanenns YKB 3a  cuér
BIUsiHUA Tponocdepbl ObuIM u3BecTHBl emé 10 1940 roma. OgHako mepBbIe
OIBITHI, B KOTOPBIX JAJIBHEE PACIPOCTPAHEHUE CBSI3bIBATIOCH C BOSHUKHOBEHHEM B
Tpornocdepe BOTHOBOIHOTO KaHaa, Obutn npoBezieHbl B 1943 roay B Upnanackom
mope. B 1944 romy Huskuéi Tpomoc@epHbIi BOJTHOBOJ ObUT OOHApYXEH B
Kapubckom mope, a B 1945 r. — B ATJIaHTUYECKOM OKeaHe, a B MOCJIEACTBUU BO
MHOTHX JpPYIrMX MeECTax 3€MHOr0 IIapa Kak Ha Cylle, TaKk W HaJl MOPCKOH
IIOBEPXHOCTBIO.

TponochepHbie BOTHOBOABI BO3HHMKAIOT B TEX CIyyasX, KOrja HHAEKC
MPEJIOMJIEHUS] YMEHbILIAeTCs C BBICOTON ObIcTpee, yeM Ha MuUHyc 157 N-ex./km
(mpu 3TOM TPagueHT MOIU(PUIIMPOBAHHOIO HHJEKCA MPETOMIIEHHS CTAHOBHUTCS
orpurareasasiM dM/dh < 0 M-ea./km. (cm. puc. 2.8)).

Ha pucynke 2.8 mokazaH mnOpuMep BO3HUKHOBEHUS TpOnochepHOro
BOJIHOBOJIA MTPU HAJIMYUU TEMIIEPATypPHON MHBEPCUU U MPU ObICTPOM YMEHBIIEHUU
C BBICOTOM BIAXHOCTH BO3ayXxa. Ha pucyHke mnpuBeneHbl Kak 3aBUCUMOCTb
uHAekca mnpenomiieHUss N, Tak M 3aBUCMMOCTb TNPUBEAEHHOIO HHJIEKCA
npesioMieHust M OT BBICOTHI.
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Pucynox 2.8 — Tunuunblie pacrpeaeieHusi TeMIepaTyphbl U BIAKHOCTHU MO BBICOTE
Tponochepbl, MPUBOISAIINE K 00pa30BaHHIO TporochepHoro BoaHoBoaa [1]

Brigenstor Tpu Tuna TponochepHbIX BOJTHOBOAOB:
1) BosMHOBOJ UcHapeHus (pucyHok 2.9a),
2) TIPHUITIOBEPXHOCTHBIN BOJHOBO/ (pUCYHOK 2.90),
3) IpUMOTHATHINA BOJTHOBOJ (PUCYHOK 2.9B).

h A
a) 0) B)
Ah
A
y
Ah = ht
h;

v

A ) >
AM AM M

a) BOJIHOBOJI UCTIApEHMUS,
0) NPUNOBEPXHOCTHBIN BOJHOBO/I,
B) MPUIIOIHATHIN BOJIHOBOA

Pucynok 2.9 — Tunsl TponochepHbIX BOJTHOBOJIOB
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Heo0xoaumMo OTMETHUTH, YTO M3-3a TPYJHOCTH PAclO3HABaHHs BOJHOBOOB
NEepBOTO0 M BTOPOTO THUIIOB, UX YacTO OOBEIUHAIOT B OJUH THUI —
MIPUITIOBEPXHOCTHBIE BOJIHOBO/IBI.

BoyIHOBOJIBI  XapaKTepU3yHOTCS HWHTCHCUBHOCTBIO, AM (M-emuuui) wu
toimuHou, hy (M). Jls ommcaHWs XapaKTEPUCTHK IMPHITOJHATHIX BOJHOBOJIOB
WCIIOJB3YIOTCS JBa JOMNOJIHUTEIIBHBIX INapaMeTpa, a HUMEHHO: BBICOTA HUKHEU
IpaHMIIbl BOJHOBOMA, hy (M), ¥ BbICOTA B MpejeiaX BOJHOBOJA ¢ MaKCUMaJIbHBIM
sHauenneM M, hy, (M) [5]. Taxxke, TONOJHUTEILHO BOJHOBOABI MOXXHO OIIHCATH
napaMeTpoM (;, KOTOPBIN XapakTepU3yeT BEPTUKAIBbHBIA TPAJUEHT NPUBEAEHHOTO
WHJEKCA MPETOMIICHUS:

AM
v =0 (2.14)
rae Ah — ToJmMHa €105 OBBIIIICHHOH pedpakiiny.

®uznka 00pa3oBaHUS TPOMOCHPEPHBIX BOJIHOBOJOB C HEOOXOAMMOU
MIOJTHOTOW paccMOTpeHa B [6]. YcTaHOBIIEHO, 4TO HanOoJee BEPOSITHO MOSBICHUE
BOJTHOBOJIOB HAaJl OOIIMPHBIMU BOJIHBIMU TOBEPXHOCTSAMH, TJI€ OCHOBHBIM
IPOLIECCOM, CIIOCOOCTBYIOIIMM HX OOpa3oBaHMIO, siBJsieTcss ucnaperue. CTporo
rOBOpsI, Ha3BaHHBIM MEXaHM3M XapaKTEPEH AJIsI OTKPBITHIX palloHOB MupoBoro
okeaHa. B mnpuOpexHbIX 30HAaX BOJHOBOJBI MOTYT OOpa30BBIBATHCS 3a CYET
aBEKIMN — TOPU3OHTAIBHOTO NEPEHOCA TEIUIBIX M CYXHX BO3AYIIHBIX Macc C
Cyllld Ha Oojiee XOJIOAHYIO TMOBEPXHOCTh Mopsi. OCHOBHBIM MEXAaHH3MOM,
CIIOCOOCTBYIOIMM OOpPa30BaHHMIO BOJHOBOJOB HAaJl CYIICH, SBISICTCS MEXaHH3M,
CBSI3aHHBIA C pPaJUAlMOHHBIM M3Jy4CHUEM 3E€MHOM TOBEPXHOCTH (MHBEpPCHS
BBIXOJIAKUBaHUs). VHBepcMUM  BBIXOJIAKMBAHUS  HAUYMHAIOT  Pa3BUBAThCS
NpUOJM3UTENIBHO 3a 4Yac J0 3axofa COJIHIA M K €ro BOCXOAY JOCTUTaroT
MaKCUMAaJIbHOM BBICOTHI W TpaaueHTa. C BOCXOJOM COJIHIIA HAYMHAETCS MX
WHTEHCUBHOE pa3pyllIeHUE, MPOI0JHKAIOIIEECs B TEUEHUE MPUMEPHO TPEX YACOB, B
pe3ynbTaTe 4Yero HWHBEPCUM MPUNOJHUMAIOTCS HaJ IOBEPXHOCTHhIO 3EMIIU.
[TosiBnenue TpomnochepHbIX BOJTHOBOJIOB CBSI3aHO C CHHONTHYECKOW O0OCTAaHOBKOM
B pacCMaTpPUBAEMOM paiioHe: UX 00Pa30BaHUIO CIIOCOOCTBYIOT aHTUIIUKIOHATHHBIC
IIEPUO/IbI, XapaKTEPUYIOLIMECS ICHOU U CyXOU MOTOI0H.

BeposTHOCT, BO3HHMKHOBEHHS TPHUBOJHBIX TPOMOC(PEPHBIX BOJHOBOIOB
JIOBOJILHO BeJnKka — B cpenHeM He MeHee 50 % mo Bpemenu. [lo HabmoneHusM B
CeBepHoil ATiaHTUKe Ha MKUpoTe buckaiickoro 3anvMBa BOJHOBOJIBI UMEIIA MECTO
B 77% cnydaeB, NMpUYEM TOJIIMHA MNPUIOBEPXHOCTHOTO BOJHOBOJHOIO CJIOA
nocturana 50 M. [TogoOHBIE k€ 3HAYEHUS] BEPOSTHOCTU TMOSIBICHUS MPUBOIHBIX
TponocepHbIX BOJHOBOJOB XapaKTEPHbI W [JIsi APYTUX PErHOHOB MUPOBOTO
okeaHa. VckitoueHne COCTaBISIOT JUIIb CEBEPHbIE PallOHbl 3€MHOIO Iapa, rie
BOJIHOBO/IbI BO3HUKAIOT PEXKeE.

Cy1miecTByeT MIUPOTHASL 3aBUCUMOCTh BBICOTHI IPUBOIHOTO TPOMOCHEPHOTO
BOJTHOBOJIa, @ UMEHHO: B BBICOKMX M YMEPEHHBIX IIUPOTAX BOJHOBOILI WMEIOT
MEHBIITYIO BBICOTY, YeM B CYOTpONMUYECKHUX U Tponndeckux. Hanbomnee BeposTHbIC
3HAYEHHUs] BBICOT COOTBETCTBEHHO 5..7 u 15..20 M, a Haumbosee BEpOSTHHIN
JMana3oH W3MEHEHWSI MHTEHCUBHOCTH BoJHOBoAa 2...10 M-en., mnpuuem
MIPOCIICKUBACTCS CE30HHBIN X011 — 3uMOi hy 1 AM Gobliie, 4eM JIeTOM.
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BeposiTHOCTh  cyliecTBOBaHHMS TPONMOC(EpPHBIX BOJTHOBOAOB HAJ CyIlen
3HAUYUTENILHO HIDKE, YeM HaJ MOpEeM, U COCTaBJSET JJs IPU3EMHOTO Clos
BEIMYMHY OKOJIO 25%, mpuyeM TOJIUHA MPU3EMHOIO BOJIHOBOJIHOTO CJIOSI HE
npesbimaet 50 M.

Bnuanue npunogepxnocmnozo 60110600a

Tak kak pagroBOIHA UCKPUBIISIETCS B CTOPOHY OOJIBIIEr0 3HAUYCHUS UH]IEKCa
MPEJIOMJICHUS], TO OHA MOKET OBITh «3aXBay€Ha)» BOJHOBOJOM U PACTIPOCTPAHITHCS
B €ro mpejenax, T.e. B cioe Tpornochepsl TOMHUHON Ny, ATMOC(hEpHBI BOTHOBO
M0/I00HO METaJUIMYECKOMY BOJIHOBOIY SIBIISIETCS (MIBTPOM MPOCTPAHCTBEHHBIX
4acTOT W Ha €ro BBIXOJ€ (POPMHUPYETCS CHEKTP HOPMANbHBIX MOJ, T. €. Habop
BOJIH, OCJIa0JICHHE KOTOPBIX C PAaCCTOSTHUEM MHMHHUMaibHO. CHEKTp 3TUX MOJ —
JUCKPETHBIN, U CYIIECTBYET KPUTHUECKAsl JJIMHA BOJHBI, YKA3bIBAIOIIASI BEPXHIOIO
TpaHUIly JUIMH BOJIH, KOTOPbHIE BOJHOBOJ B COCTOSIHMM 3aXBaTUTh U MPOIYCTHUTH
gyepes ceOosl.

[IpumepHBIii XOJ JIy4eBBIX JMHUWA B MPUIIOBEPXHOCTHOM BOJIHOBOJE
COOTBETCTBYET CIIy4aro cBepxpedpakuuu Ha pucyHke 2.7 u taoi. 1.

Ha pucynke 2.10 mpuBeaeHa aBymepHas auarpamma ypoBHsS OMII npu

HaJIMYUU CUJIBHOTO IIPHUITIOBCPXHOCTHOI'O BOJIHOBOAA BeIcOTOM 140 M.

Height, m path loss
500 dB)

450 | I 4. / ) 110
400 1 .:1 115
120
125
130
135
140
145
150
155

Range, km

Pucynok 2.10 — Ocnabnenue curtaia npyu HaATMYUU TPUTTOBEPXHOCTHOTO

BOJIHOBO4
I{pumuqecmﬂ ONIUHA  BOJIHbLL 7\-1< — MaKCuMaJlbHasA OJIMHAa PpPaaruOBOJIHEI,
3axBaTbiIBa€Mas BOJHOBOAOM — B II€PBOM HpI/I6JII/I}KCHI/II/I OIpCACIISACTCA
BBIPA)KCHUCM:
-3
A, ~2,5-10°h,|AM|, (2.15)

riae A 1 hy BeIpaxkeHs! B MeTpax, a AM — B M-e.

BbICOTBI IPUITOBEPXHOCTHBIX BOJHOBOJOB OOBIYHO COCTAaBISIOT HECKOJIBKO
€AVHMI] WM JECATKOB METpOB M He mpeBbimaroT 200 MeTpoB, MO3TOMY IpHU
peanbHOM MHTeHCUBHOCTH M-mpoduist (ot 3 g0 30 M-en.) kpuTuyeckas jivMHa
BOJIHBI HAXOJUTCS B npeaenax 1 cm...1 m.
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Bauanue npunoonamozo 60110600a

[IpunonHsTHIE BOJHOBOJBI CIIOCOOHBI OOECIEYUTh PACIPOCTPAHCHHE
paguoBosH ¢ yactoramu Bbimie 100 MI'm Ha  paccTosiHMS, HaMHOIO
MPEBOCXOSAIINE MPEACIIb PATUOTOPU3OHTA, U SBISIOTCS BEChbMa BEPOATHOM, HO U
HaMMEHEe HW3YYCHHOM, MPUYMHOW AHOMAJIbHO BBICOKMX YPOBHEH CHUTHAJIOB 3a
TOPU30HTOM. ECIM HUCTOYHMK CHTHajla HaXOJUTCS HUXKE CIIOS TOBBIIICHHON
pedpakuuu, To panuoBosiHa YKB nuanasona orpakaercss oT 3TOro cios (cm.
pucyHok 2.11), co3maBas TOBBINICHHBI YPOBEHb CHUTHala JaJIeKo 3a
pPaOrOpU30HTOM.

CJ10it noBbIIEHHO pedpakium

Pucynok 2.11 — I'eometpust Tpaccsl PPB nipu oTpaskennn curnasia ot
HPUIIOTHATOrO BOJHOBOAA [7]

Ha pucynke 2.12 MPEJCTABICHbl  JKCIIEPUMEHTAIBHBIE JaHHBIE,
nosryaeHHbie cotpyaaukamu HUU PTC 4 centabps 1987 1. na OxoTckoM mope.
Ha rpaduxe nabmiomaercs CuibHBI ToabeM ypoBHsS curHama (Ha 30 nb) Ha
yaanenun 350 — 450 kM oT mepemaTuynka. DTOT MOABEM BBI3BAH OTPAKEHHEM OT
MPUNOHATOTO TPOHOCHEPHOTO CIIOS MOBBIIEHHOW pepakiuy, HaXOAAIIEerocs Ha
paccrostHuu 170 — 220 kM oT nepeaaTuynka. HTEHCUBHOCTH CJIOS MOBBILIEHHOM
pedpakiuu munyc 50 N-en., Beicora makcumyma M-kpuBoit 1800 M., TommmHa
cnos 300 M. Ha pucyHke TakKe IpPUBENECHBI PE3yJbTaThl MOJACIMPOBAHMS,
KOTOPBIE T0CTATOYHO XOPOILIO COBMAIAIOT C AKCIEPUMEHTAIIbHBIMU JAHHBIMH.

18



I I I I I
I N S A S S Orpax. Gopu
' ' ' ' ' *  SrCnepumeHT

MHuowuTens ocnabnenwa, ab

100 L I I
a0 100 150 200 250 300 350 400 450
Paccrtoanne, km

Pucynox 2.12 — [Ipumep 3KcriepuMeHTaIbHBIX JAHHBIX

OO6mass  xapakTepuCTHKAa  MPUIOJHATHIX  BOJHOBOJOB  Jae€Tcsi B
pekoMmenanuu [5].

B crarbe [/] nmpuBegeHa MeTOAMKA pacdy€Ta MHOXKHUTENS OCJIA0JEHUS MpPH
HaJW4Yuu B Tponocdepe MPUMOTHATOTO CJIOS TOBBIIIEHHON pedpakuuu U
MPOBEJICHO CPABHEHUE C pe3yJibTaTaMu, MOJTy4YaeMbIMU MPU YUCIICHHOM pEIICHUU
BOJJHOBOTO  MMapaboJIMueCKOro  ypaBHEHMs. [l  YUCIEHHOTO  pelieHus
MPUMEHSIETCS METOJl CMEIIAHHOTO JHCKPETHOro TmpeoOpa3oBanus @Dypse B
KOMOMHAITUN ¢ METOJIOM pa3feiieHus mepeMeHHbIX (cM. pasnen 3). Cuuraercs, 4To
Takoll METOJA SBISETCS HJTAJIOHHBIM W TMO3BOJISIET MAaKCUMAJbHO TOYHO
CMOJEINPOBATh PACHPOCTPAHEHHE PATUOBOIH, COOTBETCTBYIOIIEE PEaJIbHBIM
YCJIOBUSIM.
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3 ONUCAHUE MPOT'PAMMBbI PACUETA IMII

Hcnons3yemasi B 1abopatopHoii pabote mporpamma pacuéra ypoBHs DMII
Harmucana B mnporpamme MATLAB u ocHoBaHa Ha YHCJICHHOM pEIICHUU
napabonndeckoro ypasaenus [8—10].

CkansipHoe napaboandecKoe ypaBHEHUE (I1VY), BBEJICHHOE
M.A. JleonToBUYEM, B I€KAPTOBOM CUCTEME KOOPJIMHAT UMEET BUJY

ik Y (x,y,z)+a2U (x,y,z)+82U (x
oX oy? oz

’Zy’z)+k2[8(x, y,z)-1JU(x,y,2) =0, (3.1)

rae U(x,Y,z)=E(x Y, z)exp(-ikx) — KOMIUIEKCHaAs OrmoOaromas MOHOXPOMaTHYECKOT'O
noins  E(X,y,Z) dYactoTel ®, pacHpOCTPaHSAIOMIEIOCS IPEHMYIIECTBEHHO B
HanpaBiieHUH ocu Ox (3eCh ONYIIEH BpPEMEHHOW MHOXHUTENIb eXp(—imt)),
k = 27/h — BoMHOBOE 4MCIIO, A — JjiMHA BOJHBI, &(X,Y,Z) — OTHOCUTCIbHAS

JIUBJIEKTPUYECKas MPOHULIAEMOCTh CPEIbl PACIIPOCTPAHECHUSL.

ITY saBnsercas ManoyriioBeiM (peansHo He ©Oonee 10  rpamycoB)
npuOIkKeHueM ypaBHeHUsi ['eabMrosibiia, HO ONHUCHIBAET  OOJIBIIMHCTBO
a¢dekToB, Bo3HUKarommx npu PPB B HeomHopoaHbIX cpenax [11].

B Hacrosimee Bpemsi paspaboTaH  psag OpHOIMKEHHBIX  METOJOB
ananutuyeckoro pemeHus IIY [11], Ho uUX ucHoOIb30BaHUE KpailHE 3aTPYIHEHO
BCJICJICTBUE OTPAHMUYCHHOCTH Kpyra THIOBBIX 3a1ad. [loaToMy OCHOBHBIMU
Meroaamu pemeHuss [1Y cranu 4ducieHHble METObl, KOTOPblE HMMEIOT MEHee
CTPOTHE OTPAHUYECHUS HA YCIOBUS PACIIPOCTPAHEHUS U MMTAPAMETPHI CPEBI.

[lepBbie YMCIIEHHBIE CETOYHBIC METOJBI OCHOBAaHBI Ha (POPMATHLHOM 3aMeHe
YaCTHBIX TPOW3BOJHBIX B YypaBHeHMH (3.1) COOTBETCTBYIOIIMMH KOHEYHBIMU
Pa3HOCTSAMU, U BEPIIMHOM 3TOr0 HaIpaBiieHUsA siBWIACH cxeMma Kpanka-Hukoncon
(KH). B wactnoctu, npu pemennu [1Y Ha mockoctr XOZ 115t KaXI0T0 3HAYEHUS
k 3amuceiBaeTCsl ypaBHEHHE, CBSI3bIBAIOIICE TPH HM3BECTHBIX 3HAYCHMS TOJS Ha
MpeAbIAYIIEM IIare ¢ TPeMsi HEU3BECTHBIMU 3HAUYCHUSIMU TIOJISI HA CJEAYIOIIEM
niare

UJ+1,k—1_(2+1/ g)Uj+1,k +U gk =
=g*/g(Uj,k_1+Ujlk+1)—(Zg*/g +1/g)Uj,k’

rae | — HoMep y3ha ceTku Baoib ocu OX, K — Homep y3ma cetku Bmosb ocu Oz,

(3.2)

g =iAX / (4kAz?) . 3ammcaB pasHocTHbIe ypaBHeHUs (3.2) st Beex K, momydaercs

CHUCTEMa JIMHCWHBIX YpaBHEHUH, KOTOpas NpPH 3aJaHHBIX TPAHUYHBIX YCIOBHIX
JIOITyCKaeT BeChMa SKOHOMHOE PEIICHUE METOJIOM MPOoroHku [12].

Hacrosimuit Oym B IpUMEHEHMHM YUCICHHBIX METOAO0B pemeHust IIY ms
OIMCAHMS PACIIPOCTPAHCHUS BOJH B HEOJHOPOJHBIX CpefaxX Haydajcs IOCHe TOTO,
kak R.H. Hardin u F.D. Tappert npemnoxunun meron npeobpazoBanus Pypwe ¢
pacmerieHrem [10].

B 90-roasr Habm01am0Ch MHTEHCUBHOE HMCIIOIB30BAHUE ITHX METOOB IS
pacdeTra XapakTEepPUCTHK PAJMOBOIH MPU WX PACTIPOCTPAHCHUH B HEOTHOPOTHOU
Tporochepe. B HacTOSIIMIT MOMEHT CUMTAETCS, YTO METOJ YHUCIECHHOTO PEIICHUS
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[TV sBnsieTcs 3TalOHHBIM JJIs OLIEHKH JOCTOBEPHOCTH PACUETOB XapaKTEPHCTHK
nois YKB B HeomHOpomHO#l Tpomocdepe HajJ MepecedeHHOW MECTHOCTHIO,
BBITIOJIHEHHBIX JIPYTUMU MTPUOIMKEHHBIMU METOIAMHU.

[Iporpamma pacuéra COCTOMT M3 OTIACIBHBIX (DYHKIIUHA, 0OBbEITUHEHHBIX B

o011yro mporpamMmy daittom Main.m.

[Tocne 3amycka B MATLAB ¢aitna Main.m oTkpoeTcst OKHO ¢ rpaduuecKumM

untepdericom (cM. pucyHok 3.1), KOTOPBIN COCTOMUT U3 TPEX YaCTEH:

1) unTepdelic BBOAA MapaMeTpoB MepeaaTyiKa (4acToTa, TUI MOJISIPH3AIHN
CUTHAJIa, BBICOTA AHTEHHBI, IIMPUHA U OTKJIOHEHUE OT TOPU30HTAIBHOTO
HanpaBinenue JIHA), nmunel Tpaccel PPB u mpusemHOro 3naueHus
MHJIEKCA MPETOMIICHUS;

2) uHTepdeiic BpIOOpa THMA pedpakiMd W BBOJAA 3HAYCHUS BBICOTHOTO
IpaJlue€HTa UHIEKCA MIPETOMIICHUS;

3) unTepdeiic BbIOOpa THMA TPONMOCHEPHOr0 BOJIHOBOJA M BBOJA €rO

mapaMcCTpoOB.
Main = X
Mogenupoeanne pacnpoctpaHennA YKB pagnosond B Tponoctiepe
Yactota, MMy (ot 100 go 1 000) o
MapameTpel HETy4aHWEH BHTEHHBI
Np WHAEkCE Np , N-eg.
MonApusaunA curkana
BbiCOT@ aHTEHHBI, M
(®) ropusonTanskas 1
LWnpusa OHA, 1
() BepTukanshaa puria [IHA, rpaa I
Harknonenue nyysa OHA, rpag
MpOTAREHHOCTE TPACCH, KM
(He Gonee 200 kM)
Bnuaxne pedpakuun Tponochepsl BrusHue TponociepHsIX BONHOBO0E
Tun BONHOBO0A
Tun pedipakyuu
['pagnenT nHaekca NapaMeTpbl BONHOB0AA
npenomnequs (dNSdh)
@ BonHosog Mcnapeqns: WHTEHCHBHOCTE 1=dM =30 . M-eg.
(®) OTpuuaTEnbHas diidh = 0 . N-enfim
TonwuHa dH <30 m .M
(O OTeyTCTEME PedpaKLMM dN/dh = 0 , N-en/km

= M-g,
O MpMNoBEpXHOCTHLIA BONHOBOL. MHTEHCHBHOCTE 1=di <30 ' A

(O) MonouTENEHAR, NOHKEHHAA -40 <dNidh =0 |, N-eg/rm
TOnWMHA dH < 200 M

() NonomuTensHas, HopManshan dNidh = -40 . N-egfiem

O NpUNogHATEIA BONHOBOG; WHTEHCHBHOCTE 1=di <30 , M-eg,

() NMonomuTensHan, NoBkIWEHHaA -157 = dNidh = -40 |, N-egfem
TonwuHa dH <= 400 M
() NonosuTensHas, KpUTHYECKaR dMidh = -157 . N-enfim e
rpaHmLsl Hb -
O Ceepxpedpakuma dNidh < -157 . N-enfkm EbICOTE MAKCHMYMa
g

WHgekca npenomnexns | 400 <HmM <1500 | m

PaccyuTaTh MHOXUTENL ocnatnexna PaccunTaTh MHOXHTENL ocnabneqna

Pucynok 3.1 — I'papuueckuit untepdeiic nporpammsl MogenupoBanus PPB

[Tocne 3amycka mnporpaMmbl Ha BBIYMCIIEHUE (IS ATOTO HEOOXOIUMO
HaXaTh KHONKY «Paccunmtarh MHOXHTENb OCJIA0JEHUS») TPOU30UIET pacuér
MHOKUTENSI OCHAa0JICHHUS DJICKTPOMArHUTHOTO TONS W OyayT OTOOpakeHbI
rpaduku:

— BBICOTHOW 3aBUCHUMOCTH WHJEKCA MPEIIOMIICHUS U MOAU(PHUIMPOBAHHOTO
WHJIeKca TpeioMIIeHus (PUCYHOK 3.2),

— IUCTAHIIMOHHON 3aBHCHUMOCTH MHOMHUTENSI OCHabNeHUus Ha BBICOTE
aHTEHHBI TIepeaaTynKa (pUCyHOK 3.3),
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— BBICOTHOW 3aBUCHMOCTH MHOXXHTEIS ociabieHus B KoHIE Tpacchl PPB u
JBYMEPHOW JHarpaMMbl MHOKHUTEIS OCIA0JICHUS B KOOPAMHATAX «IaTbHOCTh—
BbICOTa» (pUCYHOK 3.4).

4 Figure 1: Npodunb uHgekca npenomneHns aTmMochepsl = O X

File Edit View Inset Tools Desktop Window Help N

Ddde | ARRODEL- |0 ad

5 Hpexc npenomneHA lgbnudmmpoea-nblﬁ MHOEKC NPeroMreHnA
5 4 5 4
41 4 4} 1
= =
M X
© ©
i 1 a3 1
S o
0 0
m m
2t E 2+t R
1F R 1F .
0 1 1 1 O 1 1 1 1
100 150 200 250 300 200 400 600 800 1000 1200
N-en. M-en.

Puc. 3.2 — BeicoTHbIe TPOdUIN UHEKCA TPETOMIICHUS U MOIU(PUIIUPOBAHHOTO
UHJIEKCA [IPEIIOMIICHUS
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EX Figure 2: MuoxuTens ocnabreHna Bione Tpaccel

File Edit View Insert Tools Desktop Window Help N

NEdS k| RAODRL- Q|08 e

10 T T T T T T T T T

MHo®WTens ocnabneHua, ob

_35 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50

OucTaHumna, KM

PI/ICYHOI( 3.3 I[I/ICTEIHHI/IOHHEUI 3aBUCHMOCTH MHOKUTENS 0CIa0JICHUS

3 Figure 3: MuoskuTens ocrabnesis
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Pucynok 3.4 — BeicoTHast 3aBUCMIMOCTb MHOYKUTEJS OCJIA0JICHUS B KOHIIE TPACCHI
PPB u nBymepHas auarpamMma MHOXHUTENSI OCIabieHus] B KOOpAMHATAX
«IAJIBHOCTb—BBICOT

23



Ucnons3ys uHctpymentsl MATLAB, cTyaeHThl MOTyT IO IOJY4YEHHBIM
rpaduKkaM ONPEACIUTh 3HAUCHHE MHOXKHUTEISA OCHabJIeHHsT B HYXHOH TOYKE
Tpaccel PPB u 3HaueHne nHaekca npeioMIEHUsI Ha HYKHOM BBICOTE.

BricoTHpIli mpodusib HWHACKCA MPEIOMJICHUS B pasfeie IporpaMMbl
«Bnusnaue pedpakiuu Tponocdeprbl» COCTOUT M3 ABYX dacTed. B HmkHel yactu
JIO BBICOTBI 1 KM 3aBUCUMOCTD JIMHEWHAS C 3aJJaHHBIM T'PAJIMEHTOM, a Bblle 1 KM —
AKCIIOHEHIIMAJIbHAS C TIOCTOSIHHBIMU MapaMeTPaMHu:

dN
N. +—Nh, h <1xwm,
s ah (3.3)

N (1w )exp[—by (h—1)], i > 1icn,

rae  Ns— npuzemHoe 3HaUeHUE MHJEKca nperaomienus, N-ef.,

N(1 kM) — 3HaYCHHE WHJICKCA MPEIOMIICHHUS Ha BBICOTE 1 KM, BBIYUCIICHHOEC

B 3aBUCMMOCTH OT IIPU3EMHOI0 UHJIEKCA MPEJIOMIIEHUS U €r0 IPAIUEHTA.

b, =0,12 xkm™ IapaMeTp SKCIOHEHIMAIBHON MOJEH.

MonupuuupoBaHHbIl ~ HMHAEKC  MPEIOMJICHHMS  BBIYMCISETCS 110
dopmyite (2.13).

B pazgmene nporpammbl  «BnusiHME — TpPONMOC(EPHBIX  BOJIHOBOAOB)»
U3HA4YaJIbHO 331a€TCAd BBICOTHBIM MNpoduiab MOAUPUIUMPOBAHHOITO HHJIEKCA
npenomiieanss M(N) B COOTBETCTBHM C THUIIOM W TapameTpamMH TporochepHoro
BOJIHOBOZa (CM. pHUCYHOK 2.9), a 3areM BbIUMCISETCS Mpoduib HHIEKCa
npenomitenus N(h):

N (h)=

N(h):M (h)—157h, (3.4)
e BeicoTa h BhIpakeHa B KUIIOMETpax.
Heo6xoammo oTMeTuTh clienyroliee:

N(0)=M (0)=Ns.
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4 3ATAHUE HA JIABOPATOPHYIO PABOTY

JIabopatopHast paboTa COCTOUT U3 IBYX YaCTCH:
1) u3ydyeHHe BIHUSHHS TporochepHOr pedpaKiud Ha PacIpOCTPAHCHHE
pPaJMOBOIIH;
2) W3y4YCHHE BIUSHHS TPOMOCHEPHBIX BOJHOBOJOB HAa PACIPOCTPAHCHHE
PaJIMOBOJIH.
OtkpeiTh B iporpamme MATLAB daitn Main.m. 3anyctuTh nporpaMmy Ha
BEITIOJIHEHUE. B mosiBuBIIIEMCS TpadymuecKoM OKHE 3alOJHUTh UCXOIHBIC TaHHBIE B
COOTBETCTBHH C BapUaHTOM (cM. Tal. 4.1).

Tabnuna 4.1 — VicxonHble JaHHBIE AJIs1 TPOBEACHUS MOJICIUPOBAHUS

Bapuan | Yacrora, | Ilporskén- | Boicora an- | I[llupuna Ns, N-ex.
T MI'x HOCTb TE€HHBbI JAHA, rpan
Tpacchbl, KM nepe-
AATYUKA, M
1 200 150 10 5,0 325
2 250 175 12 3,0 320
3 175 200 8 2,5 300
4 145 180 15 5,9 330
S 150 195 11 4,0 315
6 225 145 9 3,5 305
/ 215 185 18 2,5 335
8 185 190 13 3,0 295
9 210 170 17 4,0 310
10 235 155 16 4,5 340

[Tonsipuzaius curHaiga — rOpU30HTaIbHAas.
Haxnonenne nyuda JIHA — 0°.

4.1 U3y4yenue Biausinue pegppaxkuum Ha yposenb IMII

1. 3amoNHUTE CAaMOCTOSATENBHO 3HAYCHHS TPaaIueHTa HHACKCA MTPEITOMIICHHUS
dN/dh s detwsipex TumoB TpomochepHOit pedpakiiud B COOTBETCTBHU C
TpeOOBaHUSIMU:

— otpunarenbHoii: dN/dh > 0 N-ex./km;

— moaoxurelbHoN, nonmwkeHnoil: -40 N-ex./km < dN/dh < 0 N-ex./km;

— ToJIOKUTENbHOM, moBbeiennoi: -157 N-em./km < dN/dh < -40 N-
en./KM;

— cBepxpedpakiuu: dN/dh < -157 N-ex./km.

Jng Tpéx TumoB pedpakiuM 3HAYCHHUS TpaJWeHTa IOCTOSHHbBIC (Y

CTY/ICHTOB HET BO3MOXKHOCTH UX U3MECHHTB):
— otrcyrctBue pedpakmun, dN/dh =0 N-ex./km;
— mnonoxwurenbHas, HopmanbHas, dN/dh = -40 N-exa./kwm;
— mnonoxwurenpHas, kpurnyeckas, dN/dh = -157 N-ex./km.

25




CryneHTaM HEOOXOIMMO pPAacCMOTPETh BCE CEMb THIIOB TPOMOChHEpHOH
pedpakuuu. IlomydyenHole rpaduku TPUBECTH B OTUETE U CHAENaTh AaHAIU3
pe3yJbTaTOB Ha NPEAMET TOTO, KAK 3aBUCHUT pACIPEICICHUE MHOKHUTEI
OcJIa0JIeHHs B TIPOCTPAHCTBE OT TUIA pedpaKIvu.

PaccunTtaTh SKBUBaJICHTHBINA pagnyc 3eMIIH JJIsl KaXKI0T0 TUIA pedpaKiii.

2. YBenuuuth 4yacToTy curHaia Ha 750 MI'n. IloBTopuTh mnpenbiayniui
MYHKT U C/IeJIaTh BBIBOJIBI 00 M3MEHEHUH pacipeieNieHUss MHOKUTENS ociabieHus
MIPU YBEJIMYEHUU YACTOThI paIMOCUTHATIA.

3. Ha rpadumkax NHCTaHIIMOHHOW 3aBUCHMOCTH MHOXHUTENS OcCiabieHus
OTMETHTHh 30HY TPSIMOM BUIAUMOCTH, 30HY nu(dpakiuu (TOJTyTEeHH) U 30HY
JaJbHETO TPOIMOoc(hEepHOro pacnpocTpaHeHusl (30Ha TEHU).

4. YcTtaHoBUTH JJIMHY Tpacckl 50 KM M MOBTOPUTH MYHKTHI 1 u 2 g
MOJIOKUTEIIBHOM HOPMAJIBHOM M TIOJIOKUTENIbHOW KPUTUUYECKOU TUTIOB pedpaKiuu.
CpaBHUTH pacrpesieieHue MHOXUTENST ocialbieHuss B KOHIE Tpacchl. Crenartb
BBIBOJIBI O TOM, KakK BJIMSET BBICOTHBIM T'PaJMEHT HWHAEKCA MPEJIOMJICHUS Ha
pacrpejiesieHie MaKCUMyMOB U MUHUMYMOB MHOHUTEJS OCTIa0JICHHUS.

5. YBennuuTh mpU3EMHOE 3HAaYeHUE HHJeKca npenomiieHus Ha 50 N-ex.
[TonmyuuTh pacnpefenieHHe MHOXHUTEIS OCHa0JIeHus Il TOJIOKHUTEIIbHON
HOpMaJIbHOM pedpakiuu. CpaBHUTH C MPEABITYIIUMH pe3yibTaTamu. CKka3aTh, Kak
BIIUSICT MIPU3EMHOE 3HAYCHHE MHJEKCA MPEJIOMIICHUS Ha MHOXXHTEINb OCIa0JIeHUSI.
OOBSICHUTH BBIBOJIBI.

6. YCTaHOBUTh BEPTUKAJIBHYIO MOJISPU3aLMIO cCUrHaNIa. [[OBTOPUTH MyHKT 4.
CpaBHUTH pe3yNbTaThl MOACIUPOBAHUS U1 PAAUOBOIH PA3HOUN MOJISPU3ALUU.

4.2 U3y4eHnue BJIUSIHUA TPONocGepHbIX BOJIHOBOA0B Ha IMII

1. B pazgene rpadguyeckoro okHa «BriusiHue Tponoc(epHbIX BOJIHOBOJIOB)»
3aMO0JIHUTH TIOJISI C TTapamMeTpaMy BOJIHOBOJIOB B COOTBETCTBUU CO 3HAUCHUSIMH U3
Ta0auIb 4.2.

Tabnuna 4.2 — IlapameTpsl TponocGEepHBIX BOJIHOBOIOB JIJIsl MOJICTUPOBAHUS

Bapuanr BoanoBoa HpunoBepxHoctHbii | [IpUNOAHATHIA BOJTHOBOX
HCIIAPEHUA BOJIHOBO/
AM, M- | Ah,m | AM, M-en. hi, M AM, M- | Ah,m | Hy, M
en. en.
1 30 27 15 150 30 400 1000
2 25 25 20 175 25 300 1200
3 29 24 17 140 28 250 1500
4 23 28 27 200 26 275 950
5 27 23 30 185 27 350 1100
6 21 29 25 190 28 325 1050
7 28 30 23 155 25 375 1250
8 22 26 28 195 30 275 1300
9 26 22 18 160 29 350 1400
10 24 21 24 170 26 250 1350
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VY cTaHOBUTH ClEAYIOLINE TApaMETPBI:

- niuHa Tpacchl: 40-70 km;

- MOJISIpU3AIUS: TOPU3OHTAIIBLHAS;

- BbICOTa aHTeHHbl, mwmpuHa JHA u mnpuszemMHoe 3HaUYeHHE HHIEKCA
MPEJIOMJICHUS] — B COOTBETCTBUE ¢ Tabiuiiei 4.1.

2. Paccuntarh KpUTHYECKYIO YACTOTY CHTHaja JJIsl BOJHOBOJIA UCTIAPEHUS.
VYceranoButh vactoty nepenaturika Ha 30-50 MI'11 BbIlle KpUTUYECKOW YACTOTHI.
3anmyCcTUTh NOPOrpaMMy Ha pacdy€T W MOJIYYUTh paCHpPEACICHUE MHOKUTEIS
OCJIa0JIEHHS B IPOCTPAHCTBE.

YMenpmuTh yacTtoTy nepemarunka Ha 30-50 Ml ortHOCHTENBHO
KPUTUYECKON YaCTOTHI M MOBTOPHUTH PACUET MHOXKHUTENSA ociadienus. CpaBHUTH
pe3ynbrarbl. OOpaTUTh BHUMAHKME HAa TTOBEJACHUE BBICOTHOTO MPOQUIST MHOXKHUTEISA
OCJIa0JIeHHs B KOHIIE TPACChl HA Y4acTKE BBICOTHI A0 1 KM.

3. YcTaHOBUTh 4YacTOTy paJuOCHTHAJNA, PAaBHYIO YacTOT€ M3 IMYyHKTa 2
pazaena 4.1, a nporsk€HHOCTh Tpaccel PPB 200 kM. I[lonyuuts pacnpenesieHne
MHOKHUTENI OCJIa0JeHus] Il BOJHOBOJA wucnapenus. Omnucarh MOJIyYeHHBIC
pe3yJIbTaTHI.

4. TTonyuuThb pacrpeneneHue MHOXHUTEIS ocliabiIeHus TUISt
MPUIIOBEPXHOCTHOTO BOJIHOBOAA. ONUCaTh MOTYYEHHBIE PE3YJIbTATHI.

5. IlomyuuTs pacnpenencHue MHOXKHTENS OciableHus ISl MPUIIOIHSATOTO
BOJIHOBOJA. OnIMCaTh MOJMyYEHHBIE PE3YJIbTATHI.

6. CpaBHHUTH pe3ynbTaThl pacuéTa MHOXKHUTEIS OCIA0ICHUS I TPEX THUIIOB
BOJIHOBOJIOB MEX]ly COOOW M JJIsl ciiydas pacnpeeieHUus MHOXUTENS ocinabieHus
MPU  TMOJOXKUTEIBHON HOpPMaIbHON pedpakiuuu Tpu OJAMHAKOBBIX IMapaMeTpax
nepefaTyuka U NpOTSHKEHHOCTH TPACCHl (IJI1 ATOTO HYXKHO HE MEHSs HAaCcTPOEK
MporpaMMbl  3allyCTUTh Ha BBIUKMCICHUE MOAYyJb «BnusHue pedpaxuuu
Tpornocdepsl» MPHU MOJOKUTEIBHON HOpMaIbHOUM pedpakiun). Caenatbh BHIBOIBI.
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5 COIEP)KAHUE OTUYETA

Otuér odopmisgeTcss B COOTBETCTBHH C 0Opa30BaTElIbHBIM CTaHIAPTOM

TYCYVYP [13] 1 coaep>XuT CIEIYIONINUE IIEMECHTHI:

1) TUTYILHBIN JUCT;

2) 1enb paboThI;

3) KpaTKoe U3JI0KEHUE 3aJaHusI CBOMMU CJIOBAMU;

4) ocHOBHas 4acTh (MOJTydEHHBIE PE3YIbTAThI C OJAPOOHBIM OIMMCAHUEM );

5) OTBETHI HAa BCE KOHTPOJIbHBIE BOTIPOCHI;

6) BBIBOJIBI.

TpebGoBanus Kk 0pOpMIEHUIO TPaPUKOB:
1) Bce rpaduku TOJDKHBI OBITh YETKMMU M HATJISTHBIMH,
2) KaXIblid TpadyK JOJDKSH UMETh MOIUCH, MOSICHSAIONIAs 3TO rpaduk;
3) ocu Ha rpaduKax IOJDKHBI OBITh TOJIHMCAHBI, HA OCSX YKa3aHbl CIHHUIIBI
U3MEpEHMUS;
4) Ha rpadukax T0JKHA OBITh H300paKeHa CEeTKa.
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6 KOHTPOJIBHBIE BOITPOCHI

YTo Takoe MHOXKHTEIb OciabieHus?

[ToueMy npu U3MEHEHUH MPU3EMHOTO 3HAYEHHUSI MHJIEKCA MPEIIOMIICHUS
Ns pe3yabTaT pacuéra MHOXKHUTEIS 0CIa0IeHUsI HE U3MEHSIETCS ?

UTo Takoe 3KBUBAJIECHTHBIN paguyc 3emin? OT 4ero OH 3aBUCUT?

Uro Takoe «crtaHaaptHas armochepa»? Kakumu napameTpamu OHa
Xxapakrepusyercs?

Urto Takoe KpuTHYEeCKas JJIMHA BOJHBI JIJIs1 TPOMTOCHEpPHOTO BOJHOBOAA?
B 4uéMm mpemmyImecTBO HCIONB30BaHUS MOAUGMHUIIMPOBAHHOTO HHICKCA
npenomieHuss M npu a”Haimze ypoBHs OMII mo cpaBHeHHMIO C
HCITOJIh30BaHNEM MHeKca mpeaomieHnss N?

UeMy paBHO MakCHMAaJIbHOE 3HAYEHHUE MHOXKHUTENSI OCJIa0JIEHUsSI B 30HE
MPSIMOUA BUAUMOCTH?

B kakoi1t 3oHe PPB npunomHsATHIA BOJHOBOJ OKAa3bIBAECT BIIUSHUE Ha
MHOXXHTEIb OcinabaeHus?

B uyém 3akmodaeTcss TJaBHOE OTJIWMYUE MPUIIOBEPXHOCTHOIO H
IPUIIOTHATOTO TPOMOCHEPHBIX BOJIHOBOJIOB?
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